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SPECIAL REPORT GLOBAL WARMING
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Ozone is a Greenhouse Gas with
the 3rd Largest Radiative Forcing

Global and annual mean radiative forcing (1750 to present )
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Level of scientific understanding (LOSU)

Intergovernmental Panel on Climate Change Third Assessment Report
(IPCC-TAR; 2001), Climate Change 2001: The Scientific Basis
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Air Quality Awareness Week

The 115, Emvironmental Protection Agency (EPA) and Mational Oceanic and Atmospheric
Administration's (MOAA) Mational WWeather Senice urge Americans to "Be Air Aware” during Air Cluality
Awareness Week, May 15 - 19, 2006, See state and local Air Quality Awareness Weelk activities.

Monday, May 15: Ozone and Particle Pollution

« What is Air Paollution?
o What is Ozone?
« What is Particle Pollution?

Tuesday, May 16: What Causes Poor Air Quality

o Keeping ¥our Lungs and Heart Safe:
Use the Air Quality [hdex to Protect Against Poor Air Guality
e Forecast Earth "Air Aware" Yideo

e Asthrma Awareness hMonth
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Ozone doses between 1991-2001

in major cities and four major
national parks

from National Park Conservation Association: www.npca.org



Urban Myth-Busted: Not just a
problem of big cities!

]
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June 24, 2005 §:00 am EDT

http://www.airnow.gov



Look Rock, Great Smoky Mountain
National Park, June 24, 2005
2:00 pm

Sunlight + NO, + VOCs _>IQ~.3




Sources of O Precursor Emissions (%)
N[@)%¢ VOCs

Fossil Fuels .
Biomass Burning E?:nswllxszu;lrning
= Soils —
mmmm | ightning Vegetation
Aircraft

" Stratosphere IPCC-TAR (2001), Climate Change 2001: The Scientific Basis



Anthropogenic Emissions of NOx (%) by
Continent/Region

2000 2100

North America
Europe
mmm= East Asia
= Africa
Other
mmmm Tndia
mmm= South America
mmmm Southeast Asia
Australia
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IPCC-TAR (2001), Climate Change 2001.: The Scientific Basis



Historical Ozone
Concentrations

- 1880s:
15-25 ppb

120E 180E

- 1993:
40-50 ppb

P, N

180W 120W j 120E 180E

. . Fig. 1. Model-calculated surface O, during the growing season in the Northern Hemisphere (May
AklmOTO (2003) SC/eﬂCZ through August) in (A) 1860 and (EJ 1993 (73).




Tropospheric Ozone As Projected
by IPCC-TAR
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Increase in Tropospheric Ozone (ppb) for 2000-2100




30% Global Land Area

www.fao.org

Global Forest Distribution



30% Global Land Area

www.fao.org

707% Terrestrial Net Primary
Production



What is the impact of
tropospheric [O;] on tree
~ productivity?
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Ozone must gain entry inside the
leaf before damage can occur

» Readily reacts with
aqueous surfaces to
form Reactive Oxygen
Species (ROS)

*  Up-reqgulation of anti-
oxidant defenses

- Reduction in Rubisco
activity/content

- Accelerated leaf
senescence

Adapted from Long, S.P. and S.L. Naidu (2002),
In: Air Pollution and Plant Life



What is the impact of
ropospheric [O;] on tree
productivity?
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Has the impact been observed?
Literature Survey

» >1000 primary research articles from
University of Illinois at Urbana-
Champaign library

* Impact on biomass, physiology and
nutrient characteristics

* NO Consensus; High variability



Anglosperm Trees:
Total Biomass
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Gymnosperm Trees:
Total Biomass
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Hundreds of observations
extracted from the literature

» Total dry weight * Root to Shoot Ratio
* Root dry weight
(Coarse + Fine) . Height

* Shoot dry weight

- Aboveground-woody

(Foliage + Branch +

Trunk) - Diameter

dry weight + Leaf Area

(Branch + Trunk)
- Foliage dry weight » Stomatal Conductance



Why so much variability?

» Functional group:
angiosperm or
gymnosperm




Why so much variability?

» Duration of Exposure: hours, days,
months, years

» Enclosure: open-top chamber, indoor
growth chamber, FACE

* Pot Size: small pots, ground

+ Tree Age; Leaf Age



To cause damage, O; must gain
entry...

* Any environmental
condition that
reduces stomatal @
conductance should [V
reduce O; damage
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» Drought

Adapted from Long, S.P. and S.L. Naidu (2002),
In: Air Pollution and Plant Life



?What is the impact of
tropospheric [O;] on tree

i productivity?
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With hundreds of
observations readily

he literature,
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Meta-analysis

Statistical tool used to determine a
mean relative response from different
experiments investigating the effect of

the same treatment L
Developed in the medical and social B
sciences s
Increasingly used in environmental and &
ecological sciences (Morgan et al, 2003 P/am‘ Cell ‘,g
ana’ Enwronmenf Ams -



Web of Science Search:
Silver Platter Ozone trees

productlon

2 4=

Summarize statistical meta-
analysis (MetaWin™)

™

Collect articles from
Univ. lllinois Library

Filter studie

adequate detail of

*Replicatio

*Design

*Ozone cal tration
== *Productio

LR

Extract data '




Statistical Tool: Meta-analysis

- Observation of mean effect:
X+= Treatment [O;]
X= Control [O4]

+ Estimate mean treatment Effect Size (E)
E=Inr=In(X/X,)

* 7% Change From Control =[(r- 1) *100]



Sample figure

95% LCI & UCIT

Variable

Grand Mean

Level 4
Level 3

Level 2

Categorical
Variables

Level 1

-30 -20

Percent Change From Control

[(r-1)*100]

S8 Degrees



"Zooming In" to reach a

consensus

* Grand Mean: All Observations, including all
types of experiments

« Ozone Concentration
& - Functional Groups
‘~ + Additional Stress Treatments o

| - Stomatal Conductance =
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"Zooming In" to reach a

consensus

Grand Mean: All Observations, including all
types of experiments

« Ozone Concentration

- Functional Groups

» Additional Stress Treatments

i - Stomatal Conductance




Grand Means

Total

Root

Shoot
Root/Shoot
Above -Woody

Foliage
Leaf Area
Height
Diameter

-30 -25 -20 -15 -10 -5 0]

Percent Change from Elevated [O3]



"Zooming In" to reach a
consensus

Grand Mean: All Observations, including all
types of experiments

Ozone Concentration
Functional Groups
Additional Stress Treatments

Stomatal Conductance




Ozone Concentration

Total Dry Weight

Grand Mean
>120 ppb

80-119 ppb

|

60-79 ppb

30-59 ppb

®

-30 -20 -10
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Percent Change From Control




Ozone Concentration

Shoot Dry Weight

Grand Mean

|

|

>120 ppb

80-119 ppb

i

60-79 ppb

)

30-59 ppb
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Percent Change From Control



Ozone Concentration

Root Dry Weight

Grand Mean

|

|

>120 ppb

80-119 ppb

|

60-79 ppb

|

30-59 ppb

30 20 10

Percent Change From Control



Ozone Concentration

Grand Mean
> 120 ppb

80-119 ppb

60-79 ppb

30-59 ppb

-30 -20

Percent Change From Control



Total Dry Weight

Root Dry Weight
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"Zooming In" to reach a

consensus

Grand Mean: All Observations, including all
types of experiments

Ozone Concentration

Functional Groups

Additional Stress Treatments

Stomatal Conductance
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Total Dry Weight: Categorized

by Functional Groups and O;
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Shoot Dry Weight: Categorized
by Functional Groups and O;

Shoot Dry Weight
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Shoot Dry Weight: Categorized
by Functional Groups and O
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"Zooming In" to reach a
consensus

Grand Mean: All Observations, including all
types of experiments

Ozone Concentration
Functional Groups
Additional Stress Treatments

Stomatal Conductance




Additional Stress Treatment

Percent Change from Control



Additional Stress Treatments
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"Zooming In" to reach a
consensus

Grand Mean: All Observations, including all
types of experiments

Ozone Concentration
Functional Groups
Additional Stress Treatments

Stomatal Conductance




The Next Phase Part 1: Impact of
ozone on stomatal conductance

Stomatal Conductance
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Impact of Cumulative Dose on
Stomatal Conductance

Stomatal Conductance
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Change in stomatal conductance
with leaf age...

Stomatal Conductance
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Conclusions: What is the
consensus?

Ozone reduces tree productivity.

Productivity is more sensitive at higher
concentrations.

Angiosperms are more sensitive than gymnosperms.

Limited observations in the literature make
reaching a consensus on how interactive stresses
influence the response of trees to Ozone difficult.

Role of stomatal conductance variable: ozone dose,
functional group and leaf age.



Consensus 1: Ozone reduces tree
productivity.
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Conclusions: What is the
consensus?

Ozone reduces tree productivity.

Productivity is more sensitive at higher
concentrations.

Angiosperms are more sensitive than gymnosperms.

Limited observations in the literature make
reaching a consensus on how interactive stresses
influence the response of trees to Ozone difficult.

Role of stomatal conductance variable: ozone dose,
functional group and leaf age.
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Conclusions: What is the
consensus?

Ozone reduces tree productivity.

Productivity is more sensitive at higher
concentrations.

Angiosperms are more sensitive than gymnosperms.

Limited observations in the literature make
reaching a consensus on how interactive stresses
influence the response of trees to Ozone difficult.

Role of stomatal conductance variable: ozone dose,
functional group and leaf age.



©2004 Horticopia, Inc.

©® Gymnosperm

(155)
(195)

(148)
(145)

(179)
(183)

(146)
(182)

+

Q

(160)
(140)

|

(50)
(85)

Q

i

(95)
(151)

|
|
|
|
|
|
|
—0— |
|
|
|
|
|
|
|
|

-25 -20 -15 -10 -5

o

10

Percent Change from Control




Total Dry Weight: Categorized

by Functional Groups and O;
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Conclusions: What is the
consensus?

Ozone reduces tree productivity.

Productivity is more sensitive at higher
concentrations.

Angiosperms are more sensitive than gymnosperms.

Limited observations in the literature make
reaching a consensus on how interactive stresses
influence the response of trees to Ozone difficult.

Role of stomatal conductance variable: ozone dose,
functional group and leaf age.
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Conclusions: What is the
consensus?

Ozone reduces tree productivity.

Productivity is more sensitive at higher
concentrations.

Angiosperms are more sensitive than gymnosperms.

Limited observations in the literature make
reaching a consensus on how interactive stresses
influence the response of trees to Ozone difficult.

Role of stomatal conductance variable: ozone dose,
functional group and leaf age.



Stomatal Conductance
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Global Forest Distribution

www.fao.org

Reduced ability to mitigate increases in CO,,
leading to further warming.
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